A role for cAMP-dependent protein kinase A in early Dictyostelium development.
In Dictyostelium, cAMP functions as an extracellular regulatory molecule that controls aggregation, expression of a number of classes of genes, and cellular differentiation by binding to cell-surface receptors that activate intracellular signal transduction pathways. To investigate possible roles for intracellular cAMP, we have overexpressed the wild-type mouse type-I regulatory subunit (RI) of cAMP-dependent protein C (PKA) in Dictyostelium cells, as well as mutant forms of the subunit that are altered in their ability to bind cAMP. We show that overexpression of a mutated RI, which lacks both cAMP-binding sites and presumably forms a complex with the endogenous Dictyostelium catalytic subunit that cannot be activated by cAMP, results in cells that do not aggregate or express sets of genes that are normally induced in the multicellular stages. Transformations that express the mutant subunit at low levels show no observable phenotype. We show that these cells can respond to pulses of cAMP and activate cAMP receptor/G protein-mediated processes, including the activation of adenylate and guanylate cyclases and the induction of a class of genes known to be regulated through the receptor-mediated pathways; however, the cells do show an altered pattern of expression of other genes normally active during the preaggregation/interphase and aggregation stages. Of interest is a substantial overexpression of the developmentally regulated PDE mRNA. Cell lines carrying constructs encoding the wild-type subunit or mutant subunits lacking one of the two binding sites show no visual phenotype. The results suggest that PKA-mediated functions, presumably controlled by increases in intracellular cAMP, are essential for Dictyostelium aggregation.